We demonstrate, using first-principles calculations, that the electronic structure of FeSe1−xTex (x=0.5) is topologically non-trivial, characterized by an odd Z2 invariant and Dirac cone type surface states, in sharp contrast to the end member FeSe (x=0). This topological state is induced by the enhanced three-dimensionality and spin-orbit coupling due to Te substitution (compared to FeSe), characterized by a band inversion at the Z point of the Brillouin zone, which is confirmed by our ARPES measurements. The results suggest that the surface of FeSe0.5Te0.5 may support a non-trivial superconducting channel in proximity to the bulk.
Among the Fe-based superconductors, the FeSe 1−x Te x family of compounds [1] [2] [3] [4] is of particular interest. First, it has the simplest PbO structure (space group P 4/nmm) with Se (or Te) atoms forming distorted tetrahedra around Fe (see Fig. 1(a) ) similar to the structure of FeAs planes in the families of FeAs-based high T c superconductors [5] . Second, the internal parameters can be systematically tuned by the substitution of Se by Te [6] [7] [8] , which provides us a platform for in-depth study of possible superconducting mechanisms and topological characters. Thirdly, superconductivity has been observed for a wide range of composition x [2] [3] [4] , and the transition temperature T c can be further enhanced by pressure [9] [10] [11] . More recently, superconductivity with T c higher than 77 K was suggested for single unit cell FeSe films [12] epitaxially grown on SrTiO 3 substrates.
Despite these interesting properties though, the particularities of the system have still not been fully explored. Earlier studies, both theoretical and experimental, suggest the similarity of the electronic structures of the Fe chalcogenides (FeSe, FeTe) [13] [14] [15] and the FeAsbased [16] [17] [18] superconductors. Indeed, the low-energy physics around the Fermi level is dominated by the Fe-3d states, and the morphology of the Fermi surfaces is similar. On the other hand, a surprisingly stable (no splitting under external magnetic field) zero-energy bound state (ZBS) at randomly distributed interstitial excess Fe sites was observed in very recent scanning tunneling microscopy (STM) measurements on the surface of superconducting Fe(Te,Se) [19] , suggesting possible topological feature of its electronic structure. Obviously, the * * these authors contributed equally to this work. 5p orbitals of Te are more extended and have stronger spin-orbit coupling (SOC) than the 4p orbitals of Se. The consequences of Te substitution, particularly for the bulk topological character of FeSe 1−x Te x , have been largely ignored in the literature and will be the main purpose of the present paper. Based on first-principles calculations combined with angle resolved photoemission spectroscopy (ARPES) measurements, here we report that the electronic structure of FeSe 0.5 Te 0.5 is topologically non-trivial, in sharp contrast to its end member FeSe. The topological properties of FeSe 0.5 Te 0.5 can be characterized by an odd Z 2 number, and the existence of Dirac cone type surface states, in proximity to bulk superconductivity, should favor topologically superconducting surface states, as suggested by Fu and Kane [20] .
The electronic structures of FeSe and FeSe 0.5 Te 0.5 are calculated with SOC included. The calculations are performed based on the density functional theory (DFT) [21, 22] and the generalized gradient approximation (GGA) for the exchange-correlation potential [23] , as implemented in the plane-wave pseudopotential based BSTATE (Beijing Simulation Tool of Atomic TEchnology) package [24] . The experimental lattice parameters [6] are used in the calculations. Maximally localized Wannier functions (MLWF) [25] are constructed from bulk calculations, and then used to study the surface states in the semi-infinite system. To treat the substitution properly, we have calculated FeSe 0.5 Te 0.5 by using both the virtual crystal approximation and the twoformula cell with ordered Se and Te sites. Both calculations give converging results. reported before [17] . At the Γ point, the valence band top is not occupied, leading to the well known hole pockets of Fermi surfaces around Γ. The three top-most states at Γ can be labeled as two-fold degenerate Γ Immediate differences can be seen in comparing these results with the band structure of FeSe 0.5 Te 0.5 shown in Fig. 1(d): (1) the Γ − 2 state in FeSe 0.5 Te 0.5 is significantly pushed down and almost touches the valence band top, and the band gap at Γ (above the valence and top) is nearly closed; (2) the band dispersion of this Γ − 2 state along the Γ − Z direction is strongly enhanced. As a result, a band inversion occurs at the Z point, which implies a change of topological property.
Compared to FeSe, the c-axis and the experimental intra-layer distance d z of FeSe 0.5 Te 0.5 are enlarged by 8.2% and 11%, respectively (See appendix A), while the a-axis and the inter-layer distance change only very little. As a result, the intra-layer hybridizations, especially the pdσ hopping as shown in Fig. 1(b) , are seriously weakened, and the Γ − 2 band center is lowered very much and becomes close to E F , as shown in Fig. 1 
(d).
On the other hand, because the Te 5p orbitals are much more extended than the Se 4p orbitals, the inter-layer hybridization through the ppπ bonding becomes stronger. Therefore, the Te substitution enhances the hopping between layers and gives rise to a larger dispersion for Γ − 2 in FeSe 0.5 Te 0.5 . These two observations are in good agreement with the band structure of FeSe 0.5 Te 0.5 shown in Fig. 1 (d) . Therefore, the band inversion in FeSe 0.5 Te 0.5 is a consequence of the weakened intra-layer hopping and enhanced inter-layer hopping originating from the Te substitution.
Once SOC is included, the band structure of FeSe 0.5 Te 0.5 opens a direct SOC gap and a non-trivial Z 2 invariant can be defined by assuming a "curved chemical potential"-the red dashed line in Fig. 1 (e)-lying between the 10th and 11th bands (neglecting the spindoublet degeneracy of the bands). Generally, the doubly degenerate Γ cial for the detection of the SS in the gap. Moreover, we also performed dynamical mean-field theory (DMFT) calculations to confirm the band inversion and identify the strong band renormalization due to electronic correlations (see appendix C for details). The correlation effects do not change the detail of the electronic bands, but simply reduce the bandwidth.
We performed ARPES measurements in order to demonstrate experimentally the existence of the Γ − 2 band with strong p z orbital character crossing E F along the Γ-Z direction. Large single-crystals of FeSe 0.45 Te 0.55 were grown using the self-flux method, and LiFeAs with FeAs flux method. ARPES measurements were performed at the Advanced Light Source and Synchrotron Radiation Center, using a VG-Scienta electron analyzer. The light used was linearly polarized in directions parallel to the analyzer slit. The K source used for evaporation is made of a SAES K dispenser. In the experiments, the largest coverage is less than one mono-layer. All data were recorded with linear horizontal polarized photons with a vertical analyzer slit (σ geometry). Under this configuration, odd orbitals with respect to the emission plane are visible, such as the d xy and d yz orbitals, while the d xz band should not be detected. In addition, our experimental setup leads to a z component of the light polarization, and thus orbitals with mainly z components such as d z 2 and p z orbitals are also observable [26] .
The comparison of the DFT band calculations on FeSe and FeSe 0.5 Te 0.5 , shown in Figs. 1(c) and 1(d) , suggests that while it is pushed far above E F at Γ in FeSe, the Γ E F . To prove its existence, we raised the chemical potential by performing in-situ K doping, and we measured ARPES spectra along Γ-M at hν = 30 eV, which coincides with k z = 0 [27] . The results before and after evaporation (6 minutes) are shown in Figs. 2(a) and 2(b) , respectively. As expected, the hole band is sinking further below E F after evaporation. Interestingly, an additional electron band is observed, as clearly shown by contrasting the momentum distribution curves (MDCs) obtained before (Fig. 2(c) ) and after ( Fig. 2(d) ) evaporation. This band, locating about 30 meV above the top of the valence band in FeSe 0.5 Te 0.5 , is very similar to the small 3D electron pocket reported in (Tl,Rb) y Fe 2−x Se 2 [26] , which mainly has a p z component.
In the presence of SOC, the DFT calculations indicate that the Γ Fig. 3(a) , while the p z band locates above E F at Γ, it is shifted below E F upon moving along Γ-Z and it reaches its minimum at the Z point. On its way down, the p z band crosses the d xy , d yz and d xz bands, opening a SOC gap with the d xz band. This situation is illustrated schematically in Fig. 3(a) . We now ask how the hybridization of the p z band with the d xz band should affect the ARPES measurements. Around the Γ point, the p z band forms an electron-like band located above E F along the Γ-M direction. Therefore, it should not be observed in our experimental geometry. Due to selec-tion rules, the d xz band should not be observed either and only the d xy and d yz band can possibly be seen, as shown schematically in Fig. 3(b) . However, because it hybridizes with the p z band, one should expect to be able to detect the d xz band near the crossing point below E F , as illustrated schematically in Fig. 3(c) . Finally, our calculations indicate that the p z band has a hole-like dispersion near the Z point, and we should be able to observe it. On the other hand, the d xz band no longer hybridizes strongly with the p z band and its intensity should be significantly suppressed again in the σ polarization, as described in Fig. 3(d) .
In order to confirm this dispersion, we compare in Fig. 3(e) ARPES spectra recorded on FeSe 0.45 Te 0.55 with different photon energies. We see some intensity between the Γ and Z points that we assign to the p z band sinking down from Γ to Z. At the Z point, this band has merged with the strong d z 2 band and it is thus undistinguishable. We display in Figs. 3(f)-3(h) three ARPES intensity cuts along Γ-M recorded on FeTe 0.55 Se 0.45 and corresponding respectively to k z values around Γ (Cut#1, Fig. 3(f) ), the hybridization between the p z and d xz bands (Cut#2, Fig. 3(g) ), and around Z (Cut#3, Fig. 3(h) ). As the d xy band heavily renormalizes compared to the d xz /d yz bands, it is shallower and hardly resolved with weaker intensity [28] . In Cut#1 (Fig. 3(f) ), as expected, none of the p z and d xz bands are detected near k z = 0. In contrast, not only the d yz band is observed in Cut#2 (Fig. 3(g) ), but the d xz band as well due to its hybridization with the p z band. At the Z point, away from hybridization, the d xz band disappears from the ARPES spectrum ( Fig. 3(h) ). Unfortunately, the p z band is too close to the strong d z 2 band to be distinguished unambiguously.
As shown in Figs. 3(i) to 3(l), the strong k z dispersion of the p z band is also observed in LiFeAs, which exhibits very clear spectral features. Because its bottom is located away from the d z 2 band, the dispersion of the p z band along Γ-Z can be identified very clearly, as illustrated in Fig. 3(i) . As with FeSe 0.45 Te 0.55 , the intensity of the d xz band is the strongest along Cut#5 (Fig. 3(k) ), where it hybridizes with the p z band. Figs. 3(k)-3 (l) also show clearly that the p z band has a hole-like dispersion below E F , as expected theoretically.
Finally, we analyze the spin-resolved Fermi surfaces around the Dirac point of the semi-infinite system formed by the SS to identify the non-trivial topology. With the surface Green's function calculated from the modified effective Hamiltonian considering DMFT on-site modification, the spin-filter surface states and the corresponding Fermi surfaces can be obtained directly. From the dispersion of the SS shown in Fig. 4(a) , the protected SS emerges in the SOC gap around E F due to the non-trivial topological nature of the bulk system. The Fermi surface of the SS (E F = 50 meV) is illustrated as a bright yellow circle in Fig. 4(b) , and the spin orientation for the SS around the Fermi surface is marked by green arrows, which form a π Berry phase enclosed. The magnitude of the z spin component is very small compared to the inplane component. The π Berry phase signifies the topological non-trivial properties of the bulk. By inducing a s-wave superconducting gap, the chiral SS can play an important role to produce the Majorana zero mode.
In conclusion, we have presented both theoretical and experimental evidences for a topological non-trivial phase in FeSe 0.5 Te 0.5 . From the DFT calculations, we show that the band topology is sensitive to the intra-layer and inter-layer hopping terms, which can be tuned by the Te substitution. The Te substitution content x strongly affects the structural, electronic and topological properties of these materials. We have identified the topologically non-trivial electronic band structure of FeSe 0.5 Te 0.5 with a band inversion, characterized by an odd Z 2 invariant and spin-moment locked SS. Our ARPES data strongly support that the Γ For LiFeAs, we used the experimental lattice parameters [29] and relaxed the free internal coordinates. The experimental structure (space group P4/nmm, 129) has the Li sites in 2c positions, which lie above and below the centers of the Fe squares opposite the As. The calculated DFT band structure is given in Fig. 5 . The Γ 
Appendix B: Symmetry and parity analysis
Since the system has inversion symmetry, it is convenient to combine these orbitals into bonding and antibonding states with definite parity as
Using the orbitals with definite parity defined in the main text, we can label all the non-spin-orbital (NSO) bands with the irreducible representations (IRs), which are given in Table II . The Γ − 2 band is composed of the antibonding states with both d xy and p z characters. At both the Γ and Z points, the IRs of the D 4h group are labeled as Γ ± n , whereas along the Γ-Z high-symmetry line, we label these IRs as Λ n because of its C 4v symmetry. In our conventions, the (x,y) axes are rotated by 45
• as compared to the crystallographic axes, so that the d xy orbital in our definition is the one pointing from Fe to chalcogen atoms, as shown in Fig. 1 . 
Energy (eV) The IR labels along the Γ-Z line are shown in Fig. 6(a) . Around E F , the D Table III . "(+, −)" denotes that the quadruple bands consist of two Kramers pairs with opposite parity. The non-trivial Z 2 index is presented beside the vertical line, which denotes the hypothetical Fermi level in the main text.
Appendix C: LDA+DMFT confirmation
The LDA + DMFT method has proven to be a powerful technique to study the electronic structure of correlated systems. In this section, we apply this method to FeSe 0.5 Te 0.5 with a local Coulomb integral U=F 0 =4.0 eV and a Hund's coupling J=0.7 eV, and confirm that it has a topological character of band inversion by computing the topological invariants within the DMFT framework.
The one-electon spectral function is defined as In a previous work [30] , only the Green's function at zero frequency G −1 k (0) = µ − k − Σ k (0) is needed to determine the topology of the quasiparticle states, since renormalization does not change the non-trivial topological nature of the bulk system. Following Refs. [31] , we compute the topological invariant of an interacting system with the Hamiltonian defined by H t (k, ω) = H(k, ω) + Σ k (0) − µ. A modified effective dispersion of H t (k) for which we neglected the imaginary part of Σ k (0) is given in the lower panel of Fig. 7 . By introducing correlations, the bandwidth is reduced by approximately half, but the band inversion character still exists. According to the parity criteria, we conclude that FeSe 0.5 Te 0.5 remains a topological correlated system. The topological surface state is derived from this modified effective TB Hamiltonian.
